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CLAIM S 

; r>\ a 

[ Claim( s ) ] 

[Claim 1] So that current n times the size of the switching transistor by which differential connecting 
was made and the current which flows into said switching transistor which a driving pulse is supplied 
to a control electrode and switched to it mav flow into a laser diode The laser diode drive circuit 
characterized bv having the constant current circuit connected between said switching tran sistor and 
said laser diode. 

[Claim 2] Said constant c urrent circuit is a laser diode drive circuit according to claim 1 characterized 
bv being cur rent Miller circuit. 

[Claim 3] Sa id constant current circuit is a laser diode drive circuit according to clai m 1 characterized 
by being a WIRUSON constant current circuit. 

[Claim 4] They are Claim 1 characterized by building said switching transistor in IC and arranging said 
constant current circuit besides said IC. and a laser diode drive circuit given in 2 or 3. 
[Claim 5] When recordin g or reproducing data to a record medium, drive s aid laser diode, and [ the 
control electrode of said switching transistor 1 The laser diode drive circuit according to claim 1 to 4 
characterized bv supplying a RF superposition pulse when reproducing said data, while said driving 
pulse is supplied, when recording said data. 

[Claim 6] [ said control electrode of said switching transistor ] When a module is conne cted and said 
module records said data the output of the delay circuit where only predetermined ti me delays for it 
and outputs an input, and said delay circuit, or among said driving pulses. The laser diode drive circuit 
according to claim 5 characterized bv choosing the output of said delay circuit, suppl ying said delay 
circuit, and having the selector which generates said RF superposition nulse when choosing and 
outputting said driving pulse and reproducing said data. 

[Claim 7] When recording or reproducing data to a record medium, driv e said laser diode, and [ the 
node of said switching transistor and said constant current circuit ] The l aser diode drive circuit 
according to claim 1 to 4 characterized bv connecting the module which ge nerates the RF superposition 
pulse impressed to said laser diode when reproducing said data from said record medium. 
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[Detailed Description of the Invention] 
[00013 

[Industrial Application] This invention is used for optical-magnetic disc equipment, for example, and 

relates to a s uitable laser diode drive circuit. 

[00021 

[Description of the Prior Art] 

Drawing 10 shows the fundamental composit ion of optical-magnetic disc 
equipment. The disk 1 is made as f rotate / with a spindle motor 2 / at the r ate of predetermined ]. The 
optical head 3 is arranged on the underside of a disk 1. and the magnetic fie ld head 4 is arrang ed on the 
u pper surface. The optical head 3 builds in the laser diode and the photodiode. irradiates the laser beam 
emitted from the laser diode at a disk 1 . and is made as [ receive / with a phot odiode / the reflected 
li ght ]. 

r00031 The LP driver 6 is controlled bv a controller 5. and is made as \ drive / a laser diode ]. 
Moreover, the signal which a photodiode outputs is su pplied to the signal decoder 9 and the servo 



circuit 1 0. The signal decoder 9 decodes the inputted signal and supplies it to the controller 5. The 
servo circuit 1 0 generates a clock from the inputted signal, and is outputtine it to the controller S and 
the encoder 7. Moreover, the servo circuit 1 0 generates a focus error signal and a tracking error signal 
from the inp utted signal, and is made as [ control / the optical head 3 1 corresponding to this error 
si gnal. 

[0004] An encoder 7 encodes the write data supp lied from a controller 5. and supplies it to the 
magnetic field head driver 8. The mag netic field head driver 8 drives the magnetic field h ead 4. and is 
made as f make / a predetermined magnetic field / impress to a disk 1 ]. It connects with the hosf 
computer which is not illustrated and the contr oller 5 is made as [ control / the record and re production 
motion to a disk 1 ], 

[0005] Next, the operation is explained with reference to 

drawing 1 1 . A disk 1 rotates at the rate of 
predetermine d with a spindle motor 2 at the time of record or playback mode. Write data is supplied to 
a controller 5 from a host computer at the time of a recording mode. This write data is supplied and 
encoded by the encoder 7. and is supplied to the magnetic field head 4 through the magnetic field head 
driver 8. Thereby, the magnetic field head 4 generates the magnetic field of a n pole, when recording 
lo gic 1 . for e xample, and when recording logic 0. it generates the magnetic field of S pole ( 

drawing \l 

[0006] On th e other hand, a controller 5 controls the optical head 3 through the LP driver 6. and makes 
a laser diode generate a l aser beam in the timing which records logic 1 and 0 f 

drawing 1 1 (b». As a 

result, logic 1 and 0 will be recorded bv the optical MAG target on a disk 1 . 

[0007] On the other hand, a controll er 5 makes the laser diode built in th e optical head 3 through the 
LP driver 6 turn on continuously fundamentally at the time of reproduction mode. However, a RF 
signal is sup erimposed in order to control this, since the noise what is called bv a SCOOP effect will 
occur if the light is made to switch on continuously actually. As a result, the laser beam turned on or 
switched ofi fbv a RF is irradiated bv the disk 1 . 

[0008] The p hotodiode built in the optical head 3 receives the reflected light from a dis k 1. and outputs 
the detectio n signal. The signal decoder 9 separates MO component from the signal which a 
photodiode outputs, decodes this, and outputs it to a controller 5 as read data. This data is transmitted 
to the host c omputer which is not illustrated from a controller 5. 

[0009] At the time of the above record and reproduction mode, the servo circuit 10 detects the RF 
si gnal which a photodiode outputs, and generates a focus error signal and a tracking error signal based 
on an astigm atism method or the push pull method. And corresponding to this error signal, the actuator 
built in the optical head 3 is driven. This drives the optical head 3 to a focusing direction and a tracking 
direction. . . 

[0010] More over, the servo circuit 10 extracts a clock component from an RF signal, and su pplies it to 
the controlle r 5 and the encoder 7. A controller 5 and an encoder 7 perform processing of write data 
and read data on the basis of this clock. 
[001 1 ] Next with reference to 

drawing 12 . the example of composition of the laser diode drive circuit 
which drives a laser diode is explained. Pifferential connection of the NPN transistor 21 and 22 is 
made, and the emitter is grounded through the NPN transistor 2 3 and resist ance 26. A laser diode 24 is 
connected to the collector of the NPN transistor 21. and resista nce 25 is co nnected to the collector of 
the NPN transistor 22. The module 27 is connected to the collector of the NPN transistor 21 . 
[0012] Next, the operatio n is explained. Voltage Vapc is impressed to the b ase of the NPN transistor 
23 at the time of a recording mode. As a result, be tween the co llector emitters of the NPN transistor 23. 
the constant current corresponding to this voltage Vapc flows. On the other hand, the vo ltage datal and 
data2 corresp onding to record data of reversed polarity are impressed to the NPN transis tor 21 and the 
base of 22. r espectively. 

[0013] That is. when the base of the NPN transistor 21 is a high level, the b ase of the NPN transistor 
22 serves as a low. On the contrary, when the base of the NPN transistor 21 is set to a lo w, the base of 



the NPN transistor 22 serves as a high lev el The direction where the voltage of a high level was 
impressed to the hase rums on the NPN transistor 21 and 22. and the direction where the voltage of the 
low was impressed turns them off. Whe n the NPN transistor 21 turns on. the constant current specified 
with the NPN transistor 23 flows in a laser diode 24. the NPN transistor 2 1 . the NPN transistor 23. and 
the path of resistance 26. A laser diod e 24 will be turned on at this time. 

[0014] On the other hand, w hen the NPN transistor 22 turns on. current flows in resistance 25. the 
NPN transistor 22. the NPN transistor 23 . and the path of resistance 26. A laser beam is not generated 
in order that current may not flow into a laser diode 24 at t his time (the light is put outV 
[001 5] On the other hand, the NPN tra nsistor 2 1 is continuously turned on at the time of reproduction 
mode, and the NPN transistor 22 is turn ed off continuously. And a module 27 outputs a RF 
superposition signal with a frequency of 500MH z. for example, and impresses it to the cathode of a 
laser diode 24. As a result, a laser diode 24 corresp onds to this RF superposition signal, and turns on 
and rums off , and a laser beam blinks bv a RF. 

mm 

[Problem to be solved bv the invention] In the conventional l aser diode drive circuit, the laser diode 24 
was made in this wav as [ connect / with the NPN transistor 21 bv which differential connection was 
made, and one side of 22 ]. As a result, when laser was turned on. from the first, when the light was put 
out, the current of the same value as the case wh ere the light is always switched on flowed, and the 
technical problem to which power consumption becomes large more than needed occurred. 
[001 7] This invention is made in view of such a situation, and lessens power consumption. 
[00 18 ] 

[Means for solving problem] The NPN transistor 31 as a swi tching transistor bv which differential 
connection was made which a driving pulse is supplied to the base as a control electrode, and switches 
the laser diode drive circuit of this invention, and 32. It is characterized bv having the NPN transistor 
31 and the constant current circuit 36 connected between 32 and a laser diode 37 so that current n times 
the size of the NPN transistor 3 1 and the current which flows into 32 may flow into a laser diode 37. 
[001 9] The constant current circuit 36 can be made into current Miller circuit. Moreover, the constant 
current circuit 36 can be m ade into a WIRUSON constant current circuit. Furthermore, the NPN 
transistor 31 and 32 are made to build in IC. and the constant current circuit 36 can be arranged besides 

JO. 

[0020] When driving the laser diode 37 used when recording or reproducing data to a record medium, 
when recording data on the NPN trans istor 31 and the base of 32. a driving pulse is supplied to them. 
and when reproducing dat a, a RF superposition pulse can be supplied. 

[0021] [ the NPN transistor 31 and the base of 32 ] When recording data the output of the delay circuit 
86 which connects a module 38. and only predetermined time is delayed in an input and outputs this 
module 38. and the delay circuit 86 r or among driving pulses, When choosing and outputting a driving 
pulse and reproducing data, the outpu t of the delay circuit 86 can be chosen, the delay circuit 86 can be 
su pplied, and the selector 81 which g enerates a RF superposition pulse can constitute. 
[0022] Or when recording or reproducing data to a record medium and driving a laser diode 37 again. 
When reproducing data to the node of the NPN transistor 31 . an d the 32 and the constant current circuit 
36 from a record medium the module 38 which generates the RF superposition pulse impressed to a 
laser diode 37 can be connected to it. 
[0023] 

[Function! In the laser diode drive ci rcuit of the above-mentioned composition, when f of the NPN 
transistor 3 1 or 32 ] curren t flows on the other hand (for example. 321. the n-time-as many current as 
this flows into the laser diode 37 conne cted through the constant current circuit 36. Therefore, the 
current which always flows can be set to 1/n of current supplied bv the laser diode 37. 
[0024] 

[Working example] The laser diode drive circuit of this inventi on can also be used, for example in 
optical-magnetic disc equipment. In th is case, the fundamental composition and operation of the 
optical-magnetic disc eq uipment which can be set are the same as that of the case where it is shown in 



I 



drawing 10 and J 

drawing 1 1 . 

[0025] 

Drawing 1 shows the example of compo sition of the laser diode drive circuit of this invention. 
In this example, differential connect ion of the NPN transistor 31 and 32 is made, and the common 
node of that emitter is grou nded through the NPN transistor 33 and resistance 35. The collector of the 
NPN transistor 31 is connected to the predetermin ed reference potential Vcc through resistance 34. 
Moreover, the collector of the NPN transistor 32 is also connected to t he reference potential Vcc 
through the constant curr ent circuit 36. The predetermined voltage Vaoc is impressed to the base of the 
NPN transistor 33. and it i s made in the NPN transistor 31 and the base of 32 as \ impress / the signal 
datal or data? corresponding to the rec ord data of reversed polarity / mutually /. respectively ]. 
[0026] Moreover, the laser diode 37 i s connected to the constant current circuit 36. And the module 38 
is connected to the node o f the constant current circuit 36 and a laser diode 37. 

[0027] Next, the operation is explaine d. Since the predetermined voltage Vapc is impressed to the base 
of the NPN transistor 33. When settin g voltage between base emitters of the NPN transistor 33 to Vbe. 
the current (current which flows into resistance 351 i which flows between the collector emitters of the 
NPN transistor 33 can be expressed with a degree type. 

R35 shows the resistance o f resistance 35 i= fVapc-Vbel / R35. in addition here. 

[0028] Therefore, the current i which flows into resistance 35 is controllable on fixed current bv 

controlling voltage Vapc on predetermined voltage. 

[0029] The pulse of the reversed polarity corresponding to record data is impressed to the NPN 
transistor 3 1 and the base of 32 at th e time of a recording mode. That is. when the pulse of a high level 
is impressed to the base of the NPN transistor 3 1 the pulse of a low is impressed to the base of the 
NPN transistor 32. Moreover, when t he pulse of a low is impressed to reverse at the base of the NPN 
transistor 3 1 . the pulse o f a high level is impressed to the base of the NPN transistor 32. 
[0030] The NPN transistor 3 1 and 32 are turned on when the pulse of a high level is impressed to the 
base, and when the puls e of a low is impressed, thev are turned off. When the NPN transistor 31 turns 
on. current flows in the path of resistance 34. the NPN transistor 3 1 . 33. and resistance 35. and when 
the NPN transistor 32 turns on. curren t flows in the path of the constant current circuit 36. the NPN 
transistor 32. 33. and resistance 35. 

[0031 ] When current flows into the N PN transistor 32. the constant current circuit 36 operates so that 
the n times fn is a larger value than 1 Vas many current as this mav be sent through a laser diode 37. 
Therefore, in a laser diode 37. the N PN transistor 32 corresponds to record data (data2V and when 
turned on an d turned off, a laser beam is generated corresponding to it. 

[0032] At the time of rep roduction mode, the signal of a low is always inputted into the NPN transistor 
3 1 . and the signal of a hi gh level is always inputted into the NPN transistor 32. As a result, the constant 
current circuit 36 operate s so that a laser diode 37 mav always be driven. However, a RF superposition 
si gnal with a frequency of 500MHz is actually impressed to the anode of a laser diode 37 from a 
module 38. for example . As a result, a laser diode 37 is turned on and off after all corresponding to this 
RF superposition signal. 
[0033] 

Drawing 2 shows the exam ple of composition of the constant current circuit 36. The constant 



i current circuit 36 is consti tuted bv the PNP transistor 41 and 42 in this example. The emitter of the 



PNP transistor 41 is conn ected to the reference potential Vcc. and the collector is connected to the 
collector of the NPN tran sistor 32. The base of the PNP transistor 41 is connected to the collector of 
the PNP transistor 41 whi le connecting with the base of the PNP transistor 42. 
[0034] When current predetermined in the property to the emitter collector of the PNP transistor 41 
flows, the PNP transistor 41 and 42 are set up so that the n-time-as many current as this mav flow into 
the emitter collector of th e PNP transistor 42. That is. in this example, the constant current circuit 36 is 
constituted bv the current Miller circu it which serves as the PNP transistor 41 from 42. and that 
property is set up so that the ratio of that I/O current mav be set to one pair n. 



[00351 

Drawing 3 shows other examples of composition of the constant current circuit 16. The 
constant current circuit 36 is constituted bv the WIRUSON constant current circuit in this example. 
That is. the emitter of the PNP transistor 5 1 is connected to the reference pote ntial Vcc. and the 
collector is connected to the collector of the NPN transistor 32. The base of the PNP tran sistor 51 is 
connected to the base and the collector of the PNP transistor 52. The emitter of the PNP transistor 5?. is 
connected to the reference potential Vcc. and the collector is connected to the emitter of the PNP 
transistor 53, 

f00361 The base of the PNP transistor 53 is connected to the co llector of the PNP transistor 51 . and the 
collector is connected to the laser diode 37. Also in this example, when p redetermined current flows 
into the PNP transistor 51 . that property is adjusted so that that n-time-as many current as this may 
flow into the PNP transistor 52 and 53. 
[0037] 

Drawing 4 shows the 3rd example of the constant current circuit 36. In this example, it has 
composition which connected 64 to the PNP transistor 61 considered as the composition of current 
Miller circuit, and the emitter of 62 with resistance 63 like th e PNP transistor 41 in 

drawing 2 . and 42. 

respectively. And the ratio of the resistance R63 of this resistance 63 to the resistan ce R64 of resistance 
64 is set as n to 1 . as shown in a degree type. 
R63: R64=n : 1 [0038] That is. in the example of 

drawing 2 . although he was trying to set to one pair 

n the current which flows between that emitter collector hv a djusting the PNP transistor 41 and the 

property of 42 to a predetermined value, in this example, the PNP trans istor 61 and 62 are set as the 

same property. However, since the resistance 63 connected and the value of 64 are set as n to 1 to have 

mentioned above, the ratio of current which flows between the PNP transistor 61 an d the emitter 

collector of 62 can be set as one pair n. 

[0039] Like . 

drawing 4 . as shown m 

drawing 2 . compared with the case where the pro perties of the 
transistor itself are made to differ mutually, it becomes easy to manufactu re the direction which 
adjusted the current value bv resistance. 

[0040] The value of the resistance R34 of resistance 34 and the resistance R63 of resistance 63 can be 
4.7 ohms, respectively, the resistance R35 of resistance 35 can be 1 .1 8 ohms, and the resistance R64 of 
resistance 64 can be 0.78 ohm. Bv setting it as such a value, actuation c urrent as shown in 

drawing 5 

can be sent through a laser diode 37 bv the laser diode drive ci rcuit of composition of being shown, for 
example in 

drawing 4 . The rise time of a pulse is set to about 3ns. and the fa ll time has become about 

2ns so that more clearly than ■ 

drawing 5 . That is. it turns out that it can be mad e steep like the case 

where the dip of a standup and falling drives with the transistor bv which differ ential connection was 

made as shown in 

drawing 12 « 

[0041] As shown the constant current circuit 36 in 

drawing 4 . when it is c onstituted, a module 38 can 

be connected as shown in 

drawing 6 . That is. m this example, the switch circuit 71 is connected to the 
NPN transistor 3 1 and the base of 32. and it is made as [ sup ply / the data (RF superposition pulsel and 
write data which were outputted to this switch circuit 71 from the module 38 1. And at the time of a 
recording mode, the switch circuit 71 chooses write data, and at the time of reproduction mode, it is 
switched so that the output of a module 38 mav be chosen. Thereby, a laser diod e 37 drives like the 
case in the example mentioned above at the time of a recording mode. 

r00421 Moreover, since the RF superposition pulse which replaces with write data and a module 38 
outputs bv the switch circuit 71 at the time of reproduction mode is chosen. At the time of reproduction 
mode, a laser diode 37 will be replaced with the recording p ulse at the time of a recording mode 
(driving pulse), and will be driven corresponding to a RF supe rposition pulse. 



[0043] The P NP transistor 62 which supplies the high current which flows into a laser diode 37, ^ 
the PNP trans istor 61 which makes this and a pair will become disadvantageous if this is Ifi-iraf, TM 
is. if the trans istor which sends a high current is IC-ized. for heat dissipation, a metal package wjlj 
needed and it will become expensive. T hen, as for the PNP transistor 61. 62. resistance 63. and 64, 
arranging besides IC is desirable. 

[0044] On the other hand, the NPN tra nsistors 31 to 33 and resistance 35 can be arranged in IC with 
the switch circuit 71 and a module 38. This is because the current which flows there is small and ends. 
Thus, if it IC-izes. a transistor will become possib le [ carrying out a high speed drive more ]. 
[0045] When it constitutes so that a mo dule 38 mav be connected to the base of the NPN transistor 11 

as shown in dmwjng 6 compared with the case where it connects with the anode of a laser diode 37 r 
power consumption becomes small and the sta bility of a circuit increases. Furthermore, since a laser 
diode 37 and direct coupling are not c arried out, the effect bv the variation in a laser diode 37 
decreases. Moreover, since the curren t which is flowing into the laser diode 37 becomes ****** 0 
when the laser diode 37 has gone out, in order to g enerate a RF superposition pulse bv switching, 
efficiency can be improved. 

[QQ46] Moreover, m the example of . , . . . . , T _ 

drawing 6 . since it can be made the 1 chip IC except for a current 

Miller circuit portion, lowering and the cheap small package of heat capacity can be used for the power 

consumption of TC. As a result, since a laser diode drive circuit can be miniaturized and it becomes 

cheap also with a package and a process, it becomes possible to cut down the cost more. 

[0047] The RF superposition pulse which a module 38 outputs as shown in 

drawing 6 . A module 38 

and the switch circuit 71 can be constituted as it is shown, for example in . 

drawing 7 . when choosing 

the either and supplying a write pulse to the NPN transistor 3 1 bv which differential connection was 
made, and the base of 32 . Tn this example, the switch circuit 71 is constituted bv the selector 81 and the 
module 38 is constituted bv this selector 81 and delay circuit 86. 

[0048] The i nput terminal DA of a selector 81 is connected to the output of the delay circuit 86 while it 
is grounded through res istance 83. The input terminal DB is made as \ ground / through resistance 84 ] 
while being made as \ su pply / write data \ Moreover, it is made as \ input / the control signal (change 
signal) of Logic L 1 bv th e input terminal SEL grounded through resistance 85 at the time of Logic H 
and reprodu ction mode at the time of a recording mode. Moreover, the capacitor 82 is connected to the 
terminal VCC of a selector 81 while p redetermin ed voltage ffor example. 5 V) is impressed. Moreover- 
Terminal V EE is grounded. 

[0049] When Tropic H is inputted into Terminal SEL fat the time of a recording mode), a selector 81 
chooses the signal inputted into the in put terminal DB. and is made as f output /. respectively / from 
the output terminals O and QI / as a signal of an opposite phase ]. Moreover, when Logic L is inputted 
into Terminal SEL fat th e time of reproduction mode), a selector 81 chooses the signal inputted into 
the input terminal DA. an d is made as \ output / the signal of an inphase. and the signal of an opposite 
phase / from the output terminals O and OI /. respectively 1. The output of the output terminal OI is 
made as [ return / to the i nput terminal DA / through the delay circuit 86 ]. 

[0050] Next, the operati on is explained. The control signal of Logic H is inputted into Terminal SEL 
from the cir cuit which is not illustrated at the time of a recording mode. At this time, a selector 81 
outputs the data inputted into the input terminal DB. and the data of an inphase from the output 
terminal O. and outputs the data of an opposite phase from the output terminal OI. This data is supplied 
to the NPN transistor 31 in 

drawing 6 , and the base of 32, respectively, 
[0051] On the other hand, the control signal of Logic L is inputted into Terminal SEL at the time of 
reproduction mode. At this time, a selector 81 chooses the signal inputted from the input terminal DA. 
outputs the signal of an inphase to the output terminal O. and outputs the signal of an opposite phase to 
the output terminal OI. T he signal of the opposite phase outputted from the output terminal OI returns 
to the input terminal DA again, after only predetermined time amount is delayed bv the d elay circuit 



86 As a result, a ring oscillator is constituted bv this selector 81 and delay circuit 86. and th* pnl^ 
which has a time delay twice the cvcle of in the delay circuit 86 from the output terminal f>I fa 
generated. This pulse is supplied to the NPN transistor 3 1 of 

drawing 6 . and the base of 32 as a RF 

superposition pulse. 

[0052] It is that this ring oscillator is constituted only at the reproduction mode time. Therefore, a 
possibility t hat unnecessary radiation mav occur so much decreases. 
[0053] fa the example of 

drawing 7 . power consumption of a module 38 can be made small and the 
stability of o scillation frequency can be increased. Moreover, unnecessary radiation is also reduced 
Furthermore, since a module 38 is not directly connected to a laser diode 37. even if variation is in the 
impedance, it is prevented bv the rod of a laser diode 37 etc. that oscillation frequency changes. 
Moreover, i n order to perform switching operation fundamentally, the efficiency of a module 38 
becomes good. 
[0054] 

Drawing 8 shows the output wave at the time of driving a laser diode 37 at lmW and 6mW bv 
composition of 

drawing 7 , This drawing shows that high-speed switching is performed enough. 

[0055] 

Drawing 9 shows the example of further o thers. The module 38 is connected to the node of the 
collector of the NPN transistor 32. and the collector of the PNP transistor 61 in this example. 
[0056] Thu s, when constituted, compared with the case where it constitutes as shown in 

drawing 6 . the 

amount of current which a module 38 outputs becomes large, but compared with the case where a 
module 38 is connected to the anode of a laser diode 37. the output current of a module 38 can he made 
small. 

[0057] 

[Effect of the Invention] According to the lase r diode drive circuit of this invention, a constant current 
circuit is connected between a switching transistor and a laser diode like the above. Since it was made 
to flow into a laser diode through current n times the size of the current which flows into a switching 
transistor, power consumption can be made small. Moreover, since the number of the tran sistors which 
send a high current becomes fewer, it becomes possible to make circuit structure small. Furthermore, it 
becomes more nearly switchable f a high speed 1. 



